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Climate change, sea level rise and pollution are actual concerns. However, 
most of people are not aware how much things have changed at the North Pole 
region, where the ice volume probably first disappears in the month of 
September in the years 2020-2025  and 50% of the year around 2040. The 
solutions are to drastically reduce CO2 and CH4 emissions. The Greenland 
ice melted in 2016 at 1.5 m/year but this rate can increase up to 5-10 meter/year. 
The corresponding ocean level increase may be up to 3 m/century. Methane is 
the main local reason as it disappears only slowly at North Pole. Other regions 
get too hot. The solution is a more electric, renewable based society. Drastic 
solutions are ultralight electric vehicles instead of the actual heavy ones, also 
wearable cooling or warming close to persons, rather than cooling or heating 
of large rooms. Power electronics is the key solution to control the generation 
and the use of alternative energy. 
Abstract 
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Lewis Pugh undertaking the first swim 
across the Geographic North Pole on the 
15th of July 2007. The 1km swim across an 
open patch of sea was undertaken to 
highlight the dramatic melt of Arctic sea ice, 
as the result of climate change. 
Lewis Pugh - First swim across the North 
Pole 
 
https://www.youtube.com/watch?v=WNmY_EAoXnU 
Introduction 
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The ice volume at 
the North Pole is 
expected to almost 
vanish in  
September 2022 
 
The “albedo effect”: 
sunlight is reflected 
by snow. If the North 
pole is water instead 
of snow,  
Much more solar 
energy is absorbed, 
Greenland could melt 
at an accelerated rate. 
 
Look at the lower 
green curve that links 
the months of 
September 
Arctic Ice Volume 
http://greatwhitecon.info/resources/arctic-sea-ice-graphs/ 
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Some possibly related events? 
 
• End 2015 (big red arrow) 
October 23, 2015 – February 18, 2016 
California Aliso Canyon gas leak 
= Porter Ranch 
A “blow out”: biggest USA natural gas leak  55 tonnes/h 
 
• During 2009? 
http://www.ptil.no/technical-reports-and-seminars/trends-in-risk-level-2009-
employees-positive-gas-leaks-cause-concern-article6836-1049.html 
15 gas leaks were reported from installations on the 
Norwegian Continental Shelf (NCS) in 2009, Category 1-
10 kg/sec   Sum -> = 54-540 tons/hour?  
-- Not really smaller than the Porter Ranch blow out, but 
may be shorter in time? -- 
 
• 14 Febr 2014 “North America is just one big natural 
gas leak” (big red arrow) 
https://www.pressreader.com/canada/montreal-
gazette/20140214/281560878692410  
Atmospheric tests indicate that US emissions are 50% 
more than estimates made by the US EPA 
 
• September 2007 (blue arrow) 
first swimming across north pole: the negative peak in 
2007 
Arctic Ice Volume 
http://www.ptil.no/hovedrapport-sokkel/hovedrapport-sokkel-2016-article12743-
1259.html 
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California blow out, Porter Ranch 
October 23, 2015 – February 18, 2016 
 
https://www.esrl.noaa.gov/csd/news/2016/181_0225.html 
Temperature in Belgium 2015 = 
green line 
 
2,5 °C more than ever recorded  
in December 2015 in Belgium 
 
El Niño 2015?: other cases show that 
it does normally not interfere with 
Belgium weather.  
 
--- However: correlation does 
not mean “cause -> effect”  --- 
Methane effect 
http://www.meteo.be/resources/climateReportWeb/klimatologisch_jaaroverzicht_2016.pdf  
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Methane concentration 
Seemed to increase a lot in 5 
years. 
 
Much more in Northern 
hemisphere. 
 
In tropical areas, it may 
disappear faster than on 
poles. 
 
Secondary methane 
emissions are also induced:  
Melting methane hydrates  
In the arctic sea, near 
Svalbard, Canada, Siberia 
 
Put:     
mud volcano methane    
in YouTube…. 
 
Also: 
http://arctic-news.blogspot.be/ 
 
Methane effect 
https://www.greenoptimistic.com/atmospheric-co2-methane-levels-rise-20160518/ 
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Large CH4 leaks 
 
More in Northern 
hemisphere  
 
2000 Nmol/mol= 
2000 ppbv CH4 
-> x25  GWP 7 
in 100y -> 
50 ppm CO2e 
Compared to  
400 for CO2 
 
Instantaneous  
Effect: 120x 
-> 240 CO2e 
Compared to  
400 for CO2 ? 
Removal of atmospheric GHGs and Global Warming Potential Factors    
 www.geo.cornell.edu/...     CH4: 120.4=GWP0, 84=GWP20 and 28=GWP100 
https://www.esrl.noaa.gov/gmd/ccgg/gallery/figures/ 
Methane effect 
https://www.scientificamerican.com/article/how-bad-of-a-greenhouse-gas-is-methane/     
“There is no scientific reason to prefer a 100-year time horizon over a 20-year time horizon” 
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Large leaks 
everywhere 
natural gas is 
produced 
and used 
 
 
 
CH4 
contributes 
more the 
instantaneous 
increase in 
greenhouse  
effect: 
Methane effect 
                                         http://www.sealevel.info/co2_and_ch4.html 
 
Increase in actual warming, more caused by CH4? 
125 ppmv increase for CO2, <-> 1,1 ppmv for CH4*120.4 = 132,44 ppmvCO2e for methane 
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Solutions to reduce greenhouse effects? 
Upstream: 
• Avoid shale gas production with more than 1% leak risk. 
• Burn (flair) gas leaks whenever possible, or use them in small generators. 
• Using 3.1-3.5 µm IR cameras to detect methane. 
Downstream: 
• Avoid using CNG in small vehicles where leaks incomplete combustion have a high probability. 
• Use catalysts that reduce methane contents in exhausts. 
• Gas detectors. 
Other: 
• Use more solar energy, hydro, (nuclear?), for electricity, heating, mobility. 
• Reduce the energy needs where possible: people mobility,  
 adapt houses and clothing to need less heating, air conditioning. 
• Use products from renewable materials if possible (wood, straw, linen) 
• Increasing efficiencies = good engineering 
• Reduce also other long term greenhouse gases such as NO2, CF4, SF6 
 Avoid fluorinated refrigerants e.g. R23 = CHF3, R134a = CH2FCF3 …  
Solutions to reduce greenhouse effects? 
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The average global temperature across land and ocean surface areas for 2016 was 0,96°C  above 
the 20th century average of 13.9°C     https://www.ncdc.noaa.gov/sotc/global/201613 
 
However: 
* Reykjavik in Iceland reached +6°C in average in 2016 
http://www.vedur.is/um-vi/frettir/arid-2016-eitt-hid-hlyjasta 
* Between 1991 and 2006, monitoring of the weather at one location (Swiss Camp) found that the 
average winter temperature had risen almost 5.6 °C 
https://en.wikipedia.org/wiki/Geography_of_Greenland 
* Climate models project that local warming in Greenland will be 3 °C to 9 °C during this century. 
https://en.wikipedia.org/wiki/Greenland_ice_sheet 
 
The bad scenario if the world does not reduce CO2 and CH4? 
Greenland gets temperatures similar to Iceland as it is at the same latitude and the Arctic ice 
vanishes as “coolant”. 
 
For example 5°C average at sea level,  and 1°C/300 m in Greenland, 
up to 1500 m is affected  (Max altitude 3205m) 
Greenland melting 
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Own check of order of magnitude: 
 
- Solar Radiation: 
http://www.earth.columbia.edu/articles/view/3275 
Greenland's Ice Is Getting Darker, Increasing Risk of 
Melting. 
At the same time, summer near-surface temperatures 
in Greenland increased at a rate of about 0.74°C per 
decade, allowing more snow to melt 
So, in a few decades 5°C increase could be attained 
 
 
- Convection: 
A line Each 500m, red=0m, blue 500m etc. 
Max 3600 m 
Each 300m one degree less, below 1500m so about ¾ 
of surface gets in average above 0°C. 
 
http://www.realclimate.org/index.php/archives/2011/09/greenland-
meltdown/ 
 
Greenland melting 
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- Solar Radiation at Greenland: 
 
https://www.the-cryosphere.net/10/477/2016/tc-10-477-2016.pdf 
Mean summer albedo from “GLASS” decreased over this area between 2005 and 2012 from 0.6 to 0.45:  
Expected albedo change in a few decades: 0.2. 
The center of Greenland is rather sunny: 2000 kWh/m2/y  direct normal irradiance change in albedo: 0.2: 
2000*0.2/8765= 46 W average/m^2 change in solar absorption 
https://www.researchgate.net/publication/229000083_Global_energy_supply_pote
ntial_of_concentrating_solar_power/figures?lo=1 
https://www.the-cryosphere.net/10/477/2016/tc-10-477-
2016.pdf 
Greenland melting 
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- Change in Convection above 0°C 
 
Hypothesis of 5°C at sea level in Greenland 
Getting similar to Iceland after arctic ice 
disappears? 
Typical 6m/s wind, but mountains are larger than 
buildings so about 15 W/m^2/K is about 75 W at 
5K    from 5K to 0K is 37,5 W/m^2  
 
The geothermal heat flux is about 0.1W/m^2, 
Not significant 
Ice movement: significant at low altitude. 
Snow can influence but also rain can influence 
melting, but minor to temperature. 
 
Sum of  average possible convection and 
radiation change: 
 
Expected change in convection+ radiation 
37.5 W+46 W=83.5 W average on ¾ surface 
 
333.55 kJ/kg latent heat of ice, density… 
83,5*8765*3600/333.55/1000/916.7 = 8.62m/year 
of melting 
http://www.mdpi.com/2071-1050/7/7/9088/htm 
CFD Analysis of Convective Heat Transfer Coefficient on External 
Surfaces of Buildings 
Greenland melting 
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Greenland melting 
Greenland melting, my simplified check: 
Melt rate if ¾ of  sheet melts and corresponding ocean rise? 
361,9 million km2 ocean, 1.71 million km2 ice, ¾ participates at a rate of 7,64m/year average  
Is  8,62*3/4*1,71/361.9/100 = 3.05 m/century ocean rise, after melting of arctic ice at North Pole. 
 
 
Other studies 
Other much more elaborated studies got to similar conclusions: 
“ocean rise 10 foot/century “ 
Afterwards the author discovered an earlier paper of specialists. Note that it is based on data of 2015 which were not so 
alarming. 
http://reason.com/blog/2015/07/21/worlds-most-famous-climate-scientist-pre 
The study—written by James Hansen, NASA’s former lead climate scientist, and 16 co-authors, many of whom are considered 
among the top in their fields—concludes that glaciers in Greenland and Antarctica will melt 10 times faster than previous 
consensus estimates, resulting in sea level rise of at least 10 feet in as little as 50 years. 
http://www.thedailybeast.com/articles/2015/07/20/climate-seer-james-hansen-issues-his-direst-forecast-
yet.html?utm_content=buffer1b0f4&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer 
“James Hansen’s new study explodes conventional goals of climate diplomacy and warns of 10 feet of sea level rise before 
2100. The good news is, we can fix it.” 
It is not in contradiction with 10 feet in 50 years,  as in the next 25 years an effect is also that the melting water cools the 
ocean temporary, and melting of Antarctica is a delayed effect. … “CO2 as a climate control knob”. 
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Arctic warming 
http://arctic-news.blogspot.be/2017/01/arctic-ocean-feedbacks.html 
The world is warming rapidly, and the Arctic is warming much more rapidly than the rest of the world. In 
December 2016, the temperature anomaly from latitude 83°N to the North Pole was 8 times as high as the 
global anomaly. Above forecast for February 6, 2017, shows that temperatures over parts of the Arctic 
Ocean will be as much as 30°C higher than they were in 1979-2000 
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Antarctic and sea level rise? 
Antarctic? 
 
14,000,000 km2  This is 8.2 times more than 
Greenland 
 
Mainly sea ice melts, 
 
However temperatures in 2017 seem still 
alarming: 
There is a driving force to melt. 
 
https://robertscribbler.com/2017/01/23/abnormal-
antarctic-heat-surface-melt-giant-cracks-in-ice-
shelves-more-troubling-signs-of-a-world-tipping-
toward-climate-chaos/ 
 
If Antarctica melts 8.2 times slower than 
Greenland it still doubles the contribution of 
sea level rise. 
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Global Mixing? 
 
https://robertscribbler.com/2016/06/28/gigantic-
gravity-waves-to-mix-winter-with-summer-wrecked-
jet-stream-now-runs-from-pole-to-pole/ 
“Northern Hemisphere Jet Stream runs from 
near 80 degrees North Latitude across the 
Equator…. Something that would not tend to 
happen under normal Holocene climate 
conditions” 
“An injection of hot, Summer air from the Northern 
Hemisphere into Southern Hemisphere Winter appears to 
have aided in the generation of 8° C above average 
temperatures over Western Antarctica during June of 2016” 
Global mixing will also mix methane: 
Methane that disappears in Arctic regions may appear in 
Antarctic regions, causing more melting there. 
Origins of methane? 
19/27 
 
Origins of methane? 
USA methane leaks? 
 
(Use the right “map layers”) This is south of the city Marshall, 
each circle is a gas drill hole, some 6 per square km    → 
It seems that there are 1.7 million active gas and oil wells in USA. 
https://www.fractracker.org/2015/08/1-7-million-wells 
 
And if a few % leak? Even abandoned wells leak. 
The Porter Ranch leak was an old oil well pipe, not designed for 
gas. 
 
https://www.theguardian.com/vital-signs/2016/mar/02/methane-leaks-aliso-
canyon-ghg-epa-edf-environmen-climate-change-gas 
Methane leaks across USA pose a much greater threat than Aliso Canyon. 
Most scientists concede that a certain amount of methane loss is to be 
expected as part of natural gas production, but nearly all agree the current 
numbers are far too high. In fact, researchers have found methane losses of 
nearly 17% of production in the Los Angeles Basin, losses of 6-12% of 
natural gas production in the Uintah Basin and losses of approximately 4% 
of production in the Denver-Julesburg Basin.  
--- Unless the contrary is proven, we are probably above 5% leak today --- 
 
For comparison: there are only 0.5 million “dirty” VW cars in 
USA, this is much less than the number of  gas/oil wells. 
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Other effects on the world 
Rest of world? 
 
What if the non-Kyoto policy of  D. Trump is continued? 
Research on methane leaks is stopped: “so the leakage problem is politically solved” 
Countries such as Norway have a policy to solve the leak problems. 
 
- Mainly hurricanes, USA, Asia, more often, higher wind speeds, Irma + Jose? -> 
- El Niño, South America 
- Higher peak temperatures in middle east that occur at different places 
 
Meteorological recognized temperatures, modern equipment: 
http://indianexpress.com/article/world/world-news/iraq-records-hottest-day-so-far-this-year-in-
basra-city-2931374/ 
July 23, 2016  temperatures soaring to 51°C Celsius degrees in Baghdad 
https://en.wikipedia.org/wiki/List_of_weather_records 
Iraq Basra 53,9°C  22 July 2016 
On 21 July 2016, Mitribah in Kuwait recorded a maximum temperature of 54.0 °C  
http://www.independent.co.uk/Weather/iran-ahvaz-hottest-temperature-ever-recorded-world-
record-extreme-death-valley-california-a7815771.html 
Temperatures in Iranian city of Ahvaz hit 54 °C,  
In Algéria: Adrar 49,6 °C 28th July 2014 
http://www.infoclimat.fr/climatologie/annee/2014/adrar/valeurs/60620.html 
Egypt: 50,0 °C Kharga in 31th July 2002 
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Paleontological comparison 
 
For the remaining people in doubt, 
maybe we can also learn from 
history: 25-40 m sea level rise 
seems only a difference of less 
than 2°C rise compared to now. 
A big part of today good 
agricultural land disappears at that 
sea level. 
Also harbors beaches etc. 
  
https://www.slideshare.net/ColinButler/cli
mate-change-and-health-anucombined  →  
Paleontologic sea level rise 
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CNG car case example in worst case scenario 
 
A small efficient CNG car:  Golf TGI Bluemotion 
3,5 kg/100 km consumption, 94 gCO2/100 km 
But this is a direct CO2 
 
- About 15% is lost in liquefying and 10% 
recompression for CNG if the required electricity is 
made with natural gas. 
- >5% leak could be present if shale gas is used     
(e.g.  >3%  upstream, 2% downstream) 
- Over 20 years period (melting of 50% of Arctic ice), 
methane is 84 times worse than CO2 (in ppmv) 
 
Equivalent global warming over 20 years: 
94*(1+0.05*84*16/44)*1.25 = 297 g CO2e/km 
A diesel TDI version  corresponds with 3,9 l/100 km, 
102g CO2, even if 40% more it is 2 times lower… 
Equivalent global warming and vehicles 
Volkswagen bietet für den Wechsel von einem 
alten Diesel (EU 1-4) auf ein CNG-Auto bis 
zum 31.12.2017 einen Umweltbonus und eine 
Zukunftsprämie. So gibt es zusammen für den 
Golf 6.000 €. 
 
https://www.erdgas.info/erdgas-mobil/erdgas-
fahrzeuge/volkswagen/vw-golf-tgi-bluemotion/ 
So, an important global warming is subsidized while promoting CNG cars, 
It is better to make electricity from natural gas, and use the electricity in cars 
But light electric vehicles are the real game changer 
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Tesla car case example in worst case scenario 
 
19,9 kWh/100 km = 0.199 kWh/km 
It is a heavy sport car with large tires that invites to accelerate and 
brake, so 40% more than usual electric cars. 
 
The direct CO2 in the energy mix in Belgium is about  
400 gCO2/kWh 
In Belgium about 33% of the electricity is made with natural gas. 
- About 15% is lost in liquefying  
- >5% leak could be present if shale gas is used (3%  upstream, 2% 
downstream) 
- 10% loss in distribution and cables 
- Over 20 years (melting of 50% of arctic ice), methane is 84 times 
worse than CO2 (in ppmv) 
 
Direct CO2:     0.2*400/100= 80 gCO2/km 
Equivalent global warming over 20 years: 
0.199*(400+400*0.33*0.05*84*16/44)*1.15*1.1 = 151g CO2e/km 
This is more than an efficient small diesel. 
 
The tire wear of a Tesla is about 7kg for 32000 km (20 000 miles) = 
218 mg dust particles/km, which is much more than a diesel. 
Tesla model S, 19,9 kWh/100 km 
 
Data: 
http://enipedia.tudelft.nl/wiki/Tesla_Model_S_B
attery 
Equivalent global warming and vehicles 
In fact the CO2e of electric cars depends on 
the energy mix, “as green as the grid”: 
 
https://www.researchgate.net/publication/282506951
_Driving_Electric_Vehicles_as_Green_as_the_Grid 
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F2E For Two Electric Concept at UGENT EELAB 
type F2E 
persons two 
curb weight (+/-20%) 135 kg 
Total weight for the performance 340 kg 
Driven front wheels  2 
Rear wheels (under discussion) 2 
Drag coefficient 0.35 
Frontal area 0.9m2 
Rolling resistance 0.008 
Auxiliaries (light, dashboard, fan) 35W 
Battery <30 and <40 kg 
based on LiFePO4, 96V 
4.5kWh 
Acceleration 0-50km/h 8 s 
Maximum speed 90km/h 
Gradeability 20% 
Average efficiency from battery to 
wheel (The peak efficiency is much 
higher) 
>80% 
Maximum efficiency from battery to 
wheel  
>90% 
Fig: Losses at the wheel level for F2E, two persons, 
at 340kg total weight (two persons in it) 
 
Country= constant speed,  
City = stopping 300 times/100km, 50% recovery 
Hill= 1000m in 100km 
 
In the example next slide we take 3 kWh/100 km 
Equivalent global warming and vehicles 
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Ultralight electric vehicle example, best case 
 
The direct CO2 in the energy mix is about  
400g CO2/kWh 
- 3kWh/100 km, 10% loss in distribution and cables 
- Over 20 years (melting of 50% of arctic ice), methane is 84 times 
worse than CO2 (in ppmv, so correction for mass) 
Direct CO2:     3*400/100*1.1= 13.2 gCO2/km 
Equivalent global warming over 20 years: 
0.03*(400+400*0.33*0.05*84*16/44)*1.15*1.1= 22.8 g CO2e/km 
This beats most of vehicles, except electric bikes… 
The energy consumption is so small that >60% can be easily 
delivered by a PV panel on the roof and PV at parking place. 
 
We can get down to 10 g CO2e/km in the near future 
So it is possible to get 30 times lower than a CNG car? 
F2E “For Two Electric” 
Bottom of the prototype under construction EELAB 
June 2017 
Ugent Technologiepark 913 B9000 Gent 
 
Who wants to invests in further development and 
production? 
 
It is an improvement on this keynote in Skikda 2012 
https://www.researchgate.net/project/Ultralight-and-efficient-
electric-vehicles 
Equivalent global warming and vehicles 
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Conclusion and suggestions 
 
 Global warming is concentrated in northern hemisphere. 
 It could contaminate also southern hemisphere. 
 Without drastic changes we tend to 3m sea level rise/century? 
 Create a label of LLLNG, L3NG, “Low Leak LNG”? 
 low upstream leaks make the natural gas more valuable 
 from a global warming point of view. 
 Look at alternative solutions: 
• Mobility using ultra-light vehicles 
• Buildings that need less heating and cooling 
• More solar PV, thermal collectors, Wind, Hydro energy? 
 Ultralight electric vehicles could solve at least the short distance 
commuting; who invests? 
Conclusion 
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A warm 
Thank You 
Conclusion 
